Insertion sequences in the CRISPR-Cas system regulate horizontal antimicrobial resistance gene transfer in Shigella strains.
Multidrug-resistant (MDR) Shigella strains are an enormous threat to public health. Antimicrobial resistance genes are frequently located on plasmids, phages and integrons, which enter bacterial cells by horizontal gene transfer (HGT). CRISPR-Cas systems are adaptive prokaryotic immune systems in bacteria that confer resistance to foreign genetic material such as phages and other mobile genetic elements. However, this may come at a cost of inhibiting the acquisition of other beneficial genes through HGT. This study investigated how Shigella strains regulate the activity of the CRISPR-Cas system spontaneously when they require an exogenous gene necessary for survival. Insertion sequence (IS) elements were identified in cas genes, such as IS600 in cse2, ISSfl2 in cas6e and IS629 in cse1-cas3. The number of spacers in CRISPR-Cas arrays in strains containing an IS was less than that for strains with no IS. Interestingly, fewer spacers were also found in MDR Shigella isolates. Furthermore, an antimicrobial-resistant strain was constructed by electrotransformation of a resistance plasmid in order to detect changes in the CRISPR-Cas system. It was found that the cse2 gene had a new IS (IS600) in the antimicrobial-resistant strain. Bioinformatics analyses showed that the IS600 insertion hotspot was TGC-GGC in the cse2 gene, and the tertiary structure of the Cse2 protein was different with IS600. IS600 caused a five-order of magnitude decrease in relative expression of the cse2 gene. This study sheds mechanistic light on CRISPR-Cas-mediated HGT of antimicrobial resistance genes in Shigella spp. isolates.